Human papillomavirus, HPV, is one of the most common sexually transmitted infections in the world, accounting for 50 to 55 percent of all cervical cancers. It is an 8,000 base-pair, latent virus that infects stratified epithelial cells. The Human Papillomavirus Alpha genus strains that contain E5 proteins were compared by E5 protein subtype to depict which E5 proteins are found in cancerous and/or non-cancerous strains. This research also identifies the nucleotide sequence similarity percentages of the cancerous and non-cancerous strains of the Human Papillomavirus Alpha genus. The raw data, which includes the nucleotide sequences and the protein content of the strains, was obtained from the website PaVE: Papillomavirus Genome Database. The E5 Protein Association Network and the Nucleotide Sequence Similarity Percentage Network visualizations were created on ORA, a free network visualization program. The E5 Protein Association Network demonstrates that the E5α protein is the only protein encoded by the cancerous strains, and the majority of the non-cancerous strains contain the E5β protein. The Nucleotide Sequence Similarity Percentage Network illustrates clusters formed after filtering out all links less than 70% similarity, clusters which contain both cancerous and non-cancerous nodes. This indicates that malignancy is not a trait based solely on nucleotide sequence or protein content. This research supports the claim that malignancy of Human Papillomavirus Alpha strains is determined solely by neither protein association nor nucleotide sequence.
Introduction
The members of this research group came together through a program known as NetSci High at their school. This was an independent research program based on network science, which is the science of how things are connected. Along with five other high school students, this NetSci High group went on a workshop trip to Boston. In Boston, they learned about networks and how they can be applied to many fields. The three members of this group were initially interested in diseases, yet had three different ideas. How cancer can spread throughout the body, amino acid similarity percentages of three infamous viruses, and how a disease could spread through different types of networks. After coming to the central theme of carcinogenic viruses, the group made a decision to conduct research and form a network based on the different strains of the Human Papillomavirus. The purpose of this research project is to identify the similarity percentages of the nucleotide sequences of the strains of Human Papillomavirus (HPV) in the genus Alpha-papillomavirus, cancerous strains and noncancerous strains. Then, putting this data into the form of a weighted network, to observe the higher order Alpha-papillomavirus genus clusters. The different similarity percentages calculated can illustrate the evolutionary genetic similarities among the different strains in Human Papillomavirus Alpha genus.
Background
Human Papillomavirus or HPV is one of the most common sexually transmitted infections in the United States. It is commonly found in young adults aged fifteen to twenty five. It is a small, double-stranded DNA virus that contains approximately 8,000 base pairs. HPV is latent and infects stratified epithelial cells and can produce lesions that range in severity from benign warts to invasive carcinomas. Different sections of the genomic sequence code for different proteins. HPV is categorized into several sections, such as Beta-and Gamma-papillomaviruses. In this research, the investigators studied various strains of cancerous and non-cancerous Human Papillomaviruses from the Alpha-papillomavirus category. There many other papillomaviruses that exist in other categories such as Beta-and Gamma-papillomaviruses, however these do not cause carcinogenic lesions and are therefore irrelevant to this research. The cancerous strains of HPV in this research are: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 69, 70, 73, and 82 . The non-cancerous strains are: 2, 3, 6, 7, 10, 11, 13, 27, 28, 29, 30, 32, 34, 40, 42, 43, 44, 54, 57, 61, 62, 71, 72, 74, 78, 81, 83, 84, 85, 86, 89, 90, 91, 94, and 97. There are also strains that, based on our resources, are not indicated as benign or malignant. They are: 77, 117, 125, and 160. Through our research we want to determine how cancerous and non-cancerous Human Alpha-papillomaviruses are related to each other based on the E5 protein that each strain is associated with. Additionally, we want to find quantitative similarity among all of the Alpha-papillomavirus strains based on nucleotide sequence similarity, and how the cancerous strains differ from the non-cancerous strains.
Process
We utilized the PaVE: Papillomavirus Episteme by NCBI (National Center for Biotechnology Information) to collect our data. From PaVE: Papillomavirus Episteme, we were able to find which proteins are associated with strain and the nucleotide sequence of each strain. We created an adjacency matrix of the strains and which proteins they are associated with for our first network. We created a second adjacency matrix for the similarity percentages of all of the Alpha-papillomaviruses. We accomplished this by aligning the nucleotide sequences of any two strains using Emboss Matcher. After checking and completing our collection of data, we entered the matrices into a network visualization software, ORA.
In the Protein Association Network, the nodes are the human Alpha-papillomavirus strains and the proteins, and the links are associations between a strain and a protein. The proteins that we've focused on in this network are the E5 variants. Other proteins, such as E1, E6, and L2, exist in every human Alpha-papillomavirus and therefore are irrelevant in showing the differences among the strains. The Nucleotide Sequence Similarity Percentage Network uses weighted links based on how similar two proteins are to each other, and included only links with a similarity percentage of ≥75%.
Results
In the Protein Association Network, the only difference among the various Human Alpha-papillomaviruses is their E5 protein content. The majority of the cancerous strains contain the E5alpha protein, while the majority of the noncancerous strains contain the E5beta protein. The protein with the highest overall frequency among both cancerous and noncancerous HPVs is E5beta. The proteins E5gamma and E5delta are only contained in the noncancerous HPVs, and E5gamma does not exist alone in any strain, only when working in concert with the E5delta protein (which can exist alone in a strain). Strains with no E5 protein exist for both cancerous and noncancerous strains.
Nucleotide Sequence Similarity Percentage Network
In the Nucleotide Sequence Similarity Percentage Network, we found four major hubs. They are circled in red, yellow, blue, and green. These colors correspond to the branches marked on the phylogenetic tree. The hub circled in red has both cancerous and non-cancerous nodes.
Future Work
Future work on this research would involve investigating if similarity be found through comparison of the amino acid sequences of the E5 proteins of HPV, and to investigate specifically what mutation in a Human Papillomavirus strain causes a cancerous transformation?
